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(67)  The present invention discloses a method and
apparatus for enhancing lumen display in a CT sectional
image of a blood vessel, a computer-readable storage
medium, and a CT system. The method for enhancing
lumen display in a CT sectional image of a blood vessel
is provided, the CT sectional image being displayed with
a first window level, the method including: obtaining an
average CT value CT .,/ Heart Of lumen sections near the
heart; obtaining a highest CT value CTp;gpest Of @ section
of a current blood vessel; determining a window level WC
based on the average CT value CT,,,,,1eq @nd the high-
est CT value CTj,;gp654 and displaying at least a part of
the section of the current blood vessel with the window
level WC. The method, the computer-readable storage
medium, the apparatus, and the CT system of the present
invention allow for a window level to be presetto enhance
lumen display and improve the consistency of delineating
the lumen contour, thereby avoiding deviations caused
by subjective selection, while saving time and improving
patient flow.
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Description
Technical Field
[0001] The present invention relates to CT imaging, and in particular, to identification of a lumen of a blood vessel.
Background Art

[0002] A lumen of a blood vessel is the inside space of a tubular structure in which blood flows freely. Proper lumen
delineation is critical for radiological or clinical applications and diagnosis based on CT images, which are the input for
quantitative analysis or automated analysis enabled by Al models and algorithms (such as ct-FFR).

[0003] On the other hand, contrast-enhanced scans (e.g., using iodine) are often used for CT angiography due to a
low contrast between the lumen and peripheral tissue, such that the HU value of the lumen is enhanced by imaging a
mixture of iodine and blood.

[0004] However, in general, manual operations such as contouring from given sectional images or adjusting on axial
images and MPR/CPR views remain the primary means of providing lumen contour information. Ensuring contour
accuracy is challenging because:

First, CTA (CT angiography) images are usually displayed with a preset window width and window level, which may not
be optimized for each specific vessel branch due to different shapes and blood volumes.

[0005] Moreover, itis difficult to determine the lumen contour when some vascular lesions (such as calcified plaques)
are present near or inside the lumen. Special window settings are required to distinguish between lumen (contrast-
enhanced blood volume), soft tissue, and plaques.

[0006] Therefore, deviations in the lumen contour (wider than it actually is, or including plaques that are not part of
the lumen) will affect quantitative diagnostic quality. This also passes the deviations to automated or quantitative analysis
(e.g., cFFR calculations). FIG. 1 is a schematic diagram of a CT sectional image of a blood vessel in the prior art, with
a window width and window level optimized to distinguish between the lumen and soft tissue. A region enclosed with
the pink line in the figure is the lumen, around which is soft tissue. The lumen in the figure contains plaques, but the
boundary between the two is not clear. With the current window width and window level, an operator cannot distinguish
between the plaques and the lumen. In order to distinguish between the plaques and the lumen, different readers adjust
the window width and window level when reading the same image. Due to the difference in the window width and level,
contours of blood vessels delineated may be inconsistent.

[0007] In current practice, in order to solve the above problems, a reader is required to manually adjust display settings
to obtain a better visual contrast for specific regions or sections. However, there are the following limitations:

1. It is very time-consuming to manually adjust window settings for specific regions or blood vessels.

2. Full manual operation reduces reproducibility and also introduces different subjective determination deviations
between readers with respect to an optimal contrast for the readers. Both of these points may affect the standard-
ization of diagnostic or analytical quality.

3. The operation is more complex when it is necessary to distinguish between soft tissue, lumen, and plaques.
Considering the two points mentioned above, itis not even feasible to frequently switch the window width and window
level in the same region or section.

[0008] The Chineseinvention application No.202010893793.X discloses a medical image display method and module,
and a medical imaging device, in which a medical image is displayed in a selected region with different window widths

and window levels to improve a contrast of the region.

Summary of the Invention

[0009] In view of this, the present invention provides a method and apparatus for enhancing lumen display in a CT
sectional image of a blood vessel, a computer-readable storage medium, and a CT system.

[0010] According to a first aspect of the present invention, a method for enhancing lumen display in a CT sectional
image of a blood vessel is provided, the CT sectional image being displayed with a first window level, the method including:

obtaining an average CT value CT . ,eart Of lumen sections near the heart;
obtaining a highest CT value CTpgpes: Of @ section of a current blood vessel;
determining a window level WC based on the average CT value CT,44/14ea @nd the highest CT value CTpgpeq1 and
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EP 4 310 772 A1
displaying at least a part of the section of the current blood vessel with the window level WC.

[0011] In one embodiment, the determining a window level WC based on the average CT value CT,,o4Heat @nd the
highest CT value CTp;gpes is determining the window level WC according to the following formula:

1
T, E |CThighest - CTnearHeart| <T

WC=1

E |CThighest - CTnearHeartL otherwise

where T is an integer and 50 < T < 200.

[0012] In one embodiment, the displaying at least a part of the section of the current blood vessel with the window
level WC is superimposing a second window on a window displaying the section of the current blood vessel with the
first window level, and displaying on the second window the section of the current blood vessel with the window level
WC, where the same pixels of the section of the current blood vessel on the two windows overlap.

[0013] In one embodiment, the second window is movable.

[0014] In one embodiment, the second window is scalable.

[0015] In one embodiment, the method further includes displaying a curved planar reformation image of the blood
vessel, where the blood vessel in the curved planar reformation image has a marker that marks a position of the section
of the current blood vessel.

[0016] In one embodiment, the marker is draggable along the blood vessel, and the perimeter of the marker in the
curved planar reformation image and the second window have the same window width and window level.

[0017] In one embodiment, a window width and window level of the second window for displaying the section of the
current blood vessel are adjustable.

[0018] In one embodiment, the first window level distinguishes between lumen and soft tissue.

[0019] Accordingto asecond aspect of the present invention, a computer-readable storage medium is provided, where
the computer-readable storage medium stores a computer program that, when run by a processor, controls a device on
which the storage medium resides to perform the method described above.

[0020] According to a third aspect of the present invention, an apparatus for enhancing lumen display in a CT sectional
image of a blood vessel is provided, the CT sectional image being displayed with a first window level, the apparatus
including:

an average CT value obtaining unit that obtains an average CT value CT . ,eart Of lumen sections near the heart;
a highest CT value obtaining unit that obtains a highest CT value CTj;qpe Of @ section of a current blood vessel;
a window level determination unit that determines a window level WC based on the average CT value CT,
and the highest CT value CT,gpqs and

a display unit that displays at least a part of the section of the current blood vessel with the window level WC.

earHeart

[0021] In one embodiment, the window level determination unit determines the window level WC according to the
following formula:

1
T, E |CThighest - CTnearHeart| <T
WcC =
E |CThighest - CTnearHeartL otherwise

where T is an integer and 50 < T < 200.

[0022] In one embodiment, the display unit superimposes a second window on a window displaying the section of the
current blood vessel with the first window level, and displays on the second window the section of the current blood
vessel with the window level WC, where the same pixels of the section of the current blood vessel on the two windows
overlap.

[0023] In one embodiment, the second window is movable.

[0024] In one embodiment, the second window is scalable.

[0025] In one embodiment, the apparatus further includes a curved planar reformation image display unit that displays
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a curved planar reformation image of the blood vessel, where the blood vessel in the curved planar reformation image
has a marker that marks a position of the section of the current blood vessel.

[0026] In one embodiment, the marker is draggable along the blood vessel, and the perimeter of the marker in the
curved planar reformation image and the second window have the same window width and window level.

[0027] In one embodiment, a window width and window level of the second window for displaying the section of the
current blood vessel are adjustable.

[0028] In one embodiment, the first window level distinguishes between lumen and soft tissue.

[0029] According to a fourth aspect of the present invention, a CT system is provided, the CT system including the
apparatus described above.

[0030] The method, the computer-readable storage medium, the apparatus, and the CT system of the presentinvention
allow for a window level to be preset to enhance lumen display and improve the consistency of delineating the lumen
contour, thereby avoiding deviations caused by subjective selection, while saving time and improving patient flow. If the
section of the blood vessel is displayed on the second window, the lumen, intraluminal abnormality, and soft tissue can
be distinguished at the same time, avoiding frequent switching between two sets of window widths and window levels.
This view can also be displayed in conjunction with the curved planar reformation image.

Brief Description of the Drawings

[0031] The preferred embodiments of the present invention will be described in detail hereinafter with reference to the
accompanying drawings, to make the above mentioned and other features and advantages of the present invention
more apparent to those of ordinary skill in the art, in which:

FIG. 1 is a schematic diagram of a CT sectional image of a blood vessel in the prior art;

FIG. 2 is a schematic flowchart of a method for enhancing lumen display in a CT sectional image of a blood vessel
according to a first embodiment of the present invention;

FIG. 3 is a schematic diagram of a CT sectional image of a blood vessel according to the first embodiment and a
second embodiment of the present invention;

FIG. 4 is a schematic diagram of a CT sectional image of a blood vessel according to the first embodiment and the
second embodiment of the present invention;

FIG. 5 is a schematic diagram of a CT sectional image and a curved planar reformation image of a blood vessel
according to the first embodiment and the second embodiment of the present invention; and

FIG. 6 is a schematic block diagram of a structure of an apparatus for enhancing lumen display in a CT sectional
image of a blood vessel according to the second embodiment of the present invention.

Detailed Description of Embodiments

[0032] In order to make the objectives, technical solutions, and advantages of the present invention more apparent,
the present invention will be described in further detail below by way of embodiments.

[0033] FIG. 2is a schematic flowchart of a method 100 for enhancing lumen display in a CT sectional image of a blood
vessel according to a first embodiment of the present invention. The CT sectional image is displayed with a first window
level, and the method 100 for enhancing lumen display in a CT sectional image of a blood vessel includes steps S102,
S104, S106, and S108.

[0034] In step S102, an average CT value CT,,.,,1ear Of lumen sections near the heart is obtained.

[0035] In step S104, a highest CT value CTy,qps+ Of @ section of a current blood vessel is obtained. This is because
plaques have the highest CT value in this region.

[0036] In step S106, a window level WC is determined based on the average CT value CTg4Hea @nd the highest
CT value CTjgpest In this embodiment, the window level WC is determined according to the following formula:

1
T, E |CThighest - CTnearHeart| <T
We =

E |CThighest - CTnearHeartL otherwise

where T is an integer and 50 < T < 200. Preferably, T = 100. The window width may be set to be narrower for a better
contrast. A typical value of the window width is 100.
[0037] In step S108, at least a part of the section of the current blood vessel is displayed with the window level WC.
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FIG. 3 is a schematic diagram of a CT sectional image of a blood vessel according to the first embodiment and a second
embodiment of the present invention. FIG. 3 shows the entire section of the current blood vessel with the window level
WC. On the section of the current blood vessel, the plaques and the lumen are distinguished. In a region enclosed with
the pink line, the highlighted part is the plaques. In this case, the lumen contour can be delineated in the image, improving
the consistency of delineating the contour by a doctor.

[0038] However, the lumen cannot be distinguished from the soft tissue in FIG. 3. To distinguish the lumen from the
soft tissue, it needs to be displayed with the first window level.

[0039] In order to solve the problem of frequent switching between two sets of window widths and window levels, in
step S108, a second window may be superimposed on a window displaying the section of the current blood vessel with
the first window level, and the section of the current blood vessel is displayed on the second window with the window
level WC, where the same pixels of the section of the current blood vessel on the two windows overlap. FIG. 4 is a
schematic diagram of a CT sectional image of a blood vessel according to the first embodiment and the second embod-
iment of the present invention. As shown in FIG. 4, a square region is the second window, in which the lumen and the
plaques are distinguished by the window level WC; and outside the second window, the lumen and the soft tissue are
distinguished by the first window level. Therefore, an operator can distinguish between lumen, soft tissue, and plaques
at the same time.

[0040] Preferably, the second window is movable.

[0041] Preferably, the second window is scalable.

[0042] Preferably, a window width and window level of the second window for displaying the section of the current
blood vessel are adjustable.

[0043] In addition to displaying at least a part of the section of the current blood vessel (on the second window) with
the window level WC, in this embodiment, the method 100 further includes step S110. In step S 110, a curved planar
reformation image of the blood vessel is displayed, where the blood vessel in the curved planar reformation image has
a marker that marks a position of the section of the current blood vessel. FIG. 5 is a schematic diagram of a CT sectional
image and a curved planar reformation image of a blood vessel according to the first embodiment and the second
embodiment of the present invention. The lower two figures in FIG. 5 are curved planar reformation images. As shown
in FIG. 5, a blood vessel in the curved planar reformation image has a yellow line marking a position of a section of the
current blood vessel. In this embodiment, the marker is draggable along the blood vessel, and the section of the blood
vessel on the second window is also updated synchronously. The perimeter of the marker in the curved planar reformation
image has the same window width and window level as the second window, and the perimeter may be, for example, a
square region centered on the yellow line.

[0044] The present invention further provides a computer-readable storage medium. The computer-readable storage
medium stores a computer program that, when run by a processor, controls a device on which the storage medium
resides to perform the method 100.

[0045] FIG. 6 is a schematic block diagram of a structure of an apparatus 200 for enhancing lumen display in a CT
sectional image of a blood vessel according to the second embodiment of the present invention. The CT sectional image
is displayed with a first window level, and the apparatus 200 for enhancing lumen display in a CT sectional image of a
blood vessel includes an average CT value obtaining unit 202, a highest CT value obtaining unit 204, a window level
determination unit 206, and a display unit 208.

[0046] The average CT value obtaining unit 202 obtains an average CT value CT g Heart Of lumen sections near the
heart.

[0047] The highest CT value obtaining unit 204 obtains a highest CT value CTj,;446 Of @ section of a current blood
vessel. This is because plaques have the highest CT value in this region.

[0048] The window level determination unit 206 determines a window level WC based on the average CT value
CTearHeart and the highest CT value CTjgpes. In this embodiment, the window level WC is determined according to the
following formula:

1
T, E |CThighest - CTnearHeart| <T
We =

E |CThighest - CTnearHeartL otherwise

where T is an integer and 50 < T < 200. Preferably, T = 100. The window width may be set to be narrower for a better
contrast. A typical value of the window width is 100.

[0049] The display unit 208 displays at least a part of the section of the current blood vessel with the window level
WC. FIG. 3 is a schematic diagram of a CT sectional image of a blood vessel according to the first embodiment and a
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second embodiment of the present invention. FIG. 3 shows the entire section of the current blood vessel with the window
level WC. On the section of the current blood vessel, the plaques and the lumen are distinguished. In a region enclosed
with the pink line, the highlighted part is the plaques. In this case, the lumen contour can be delineated in the image,
improving the consistency of delineating the contour by a doctor.

[0050] However, the lumen cannot be distinguished from the soft tissue in FIG. 3. To distinguish the lumen from the
soft tissue, it needs to be displayed with the first window level.

[0051] In order to solve the problem of frequent switching between two sets of window widths and window levels, in
this embodiment, the display unit 208 superimposes a second window on a window displaying the section of the current
blood vessel with the first window level, and displays on the second window the section of the current blood vessel with
the window level WC, where the same pixels of the section of the current blood vessel on the two windows overlap. FIG.
4 is a schematic diagram of a CT sectional image of a blood vessel according to the first embodiment and the second
embodiment of the present invention. As shown in FIG. 4, a square region is the second window, in which the lumen
and the plaques are distinguished by the window level WC; and outside the second window, the lumen and the soft
tissue are distinguished by the first window level. Therefore, an operator can distinguish between lumen, soft tissue,
and plaques at the same time.

[0052] Preferably, the second window is movable.

[0053] Preferably, the second window is scalable.

[0054] Preferably, a window width and window level of the second window for displaying the section of the current
blood vessel are adjustable.

[0055] In addition to displaying at least a part of the section of the current blood vessel (on the second window) with
the window level WC, in this embodiment, the apparatus 200 further includes a curved planar reformation image display
unit 210 that displays a curved planar reformation image of the blood vessel, where the blood vessel in the curved planar
reformation image has a marker that marks a position of the section of the current blood vessel. FIG. 5 is a schematic
diagram ofa CT sectionalimage and a curved planar reformationimage of ablood vessel according to the firstembodiment
and the second embodiment of the present invention. The lower two figures in FIG. 5 are curved planar reformation
images. As shown in FIG. 5, a blood vessel in the curved planar reformation image has a yellow line marking a position
of a section of the current blood vessel. In this embodiment, the marker is draggable along the blood vessel, and the
section of the blood vessel on the second window is also updated synchronously. The perimeter of the marker in the
curved planar reformation image has the same window width and window level as the second window, and the perimeter
may be, for example, a square region centered on the yellow line.

[0056] The present invention further provides a CT system, including the apparatus 200.

[0057] The method, the computer-readable storage medium, the apparatus, and the CT system of the present invention
allow for a window level to be preset to enhance lumen display and improve the consistency of delineating the lumen
contour, thereby avoiding deviations caused by subjective selection, while saving time and improving patient flow. If the
section of the blood vessel is displayed on the second window, the lumen, intraluminal abnormality, and soft tissue can
be distinguished at the same time, avoiding frequent switching between two sets of window widths and window levels.
This view can also be displayed in conjunction with the curved planar reformation image.

[0058] The above descriptions are merely preferred embodiments of the present invention, but not intended to limit
the presentinvention. Any modifications, equivalent substitutions, improvements, etc. made within the spirit and principle
of the present invention should be included within the scope of protection of the present invention.

Claims

1. A method for enhancing lumen display in a CT sectional image of a blood vessel, the CT sectional image being
displayed with a first window level, the method comprising:

obtaining an average CT value CT,o,,Hear Of lumen sections near the heart;

obtaining a highest CT value CTpgpe Of @ section of a current blood vessel;

determining a window level WC based on the average CT value CT,4414ea and the highest CT value CTpgpess:
and

displaying at least a part of the section of the current blood vessel with the window level WC.

2. The method according to claim 1, wherein the determining a window level WC based on the average CT value
CTpearHeart and the highest CT value CTp,gp,es¢ s determining the window level WC according to the following formula:
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1
T, E |CThighest - CTnearHeart| <T

WC=1

E |CThighest - CTnearHeartL otherwise

wherein T is an integer and 50 < T < 200.

3. The method according to claim 1, wherein the displaying at least a part of the section of the current blood vessel
with the window level WC is superimposing a second window on a window displaying the section of the current
blood vessel with the first window level, and displaying on the second window the section of the current blood vessel
with the window level WC, wherein the same pixels of the section of the current blood vessel on the two windows
overlap.

4. The method according to claim 3, wherein the second window is movable.
5. The method according to claim 3, wherein the second window is scalable.

6. The method according to claim 3, further comprising displaying a curved planar reformation image of the blood
vessel, wherein the blood vessel in the curved planar reformation image has a marker that marks a position of the
section of the current blood vessel.

7. The method according to claim 6, wherein the marker is draggable along the blood vessel, and the perimeter of the
marker in the curved planar reformationimage and the second window have the same window width and window level.

8. The method according to claim 3, wherein a window width and window level of the second window for displaying
the section of the current blood vessel are adjustable.

9. The method according to claim 1, wherein the first window level distinguishes between lumen and soft tissue.

10. A computer-readable storage medium, wherein the computer-readable storage medium stores a computer program
that, when run by a processor, controls a device on which the storage medium resides to perform the method
according to any one of claims 1 to 9.

11. An apparatus for enhancing lumen display in a CT sectional image of a blood vessel, the CT sectional image being
displayed with a first window level, the apparatus comprising:

anaverage CT value obtaining unitthat obtains an average CT value CT o4 Of lumen sections near the heart;
a highest CT value obtaining unit that obtains a highest CT value CTj;gpes; Of @ section of a current blood vessel;
awindow level determination unit that determines a window level WC based on the average CT value CT ¢4 1Heart
and the highest CT value CTjgpes; and

a display unit that displays at least a part of the section of the current blood vessel with the window level WC.

12. The apparatus according to claim 11, wherein the window level determination unit determines the window level WC
according to the following formula:

1
T, E |CThighest - CTnearHeart| <T
We =

E |CThighest - CTnearHeartL otherwise

wherein T is an integer and 50 < T < 200.

13. The apparatus accordingto claim 11, wherein the display unit superimposes a second window on a window displaying
the section of the current blood vessel with the first window level, and displays on the second window the section
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of the current blood vessel with the window level WC, wherein the same pixels of the section of the current blood
vessel on the two windows overlap.

The apparatus according to claim 13, wherein the second window is movable.

The apparatus according to claim 13, wherein the second window is scalable.

The apparatus according to claim 13, further comprising a curved planar reformation image display unit that displays
a curved planar reformation image of the blood vessel, wherein the blood vessel in the curved planar reformation
image has a marker that marks a position of the section of the current blood vessel.

The apparatus according to claim 16, wherein the marker is draggable along the blood vessel, and the perimeter
of the marker in the curved planar reformation image and the second window have the same window width and

window level.

The apparatus according to claim 13, wherein a window width and window level of the second window for displaying
the section of the current blood vessel are adjustable.

The apparatus according to claim 11, wherein the first window level distinguishes between lumen and soft tissue.

A CT system, comprising the apparatus according to any one of claims 11 to 19.
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